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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
element in which the occurrence of cracks and the 
deterioration of crystallinity in a regrown layer after 
treatment such as the etching, are prevented. 
SOLUTION: In a semiconductor element, an AIGaN 
buffer layer 2, an undoped GaN layer 3, an n-type GaN 
contact layer 4, an n-type InGaN crack preventing layer 
5, an n-type AIGaN clad layer 6, an MOW active layer 7, 
and a p-type AIGaN clad layer 8 are successively on a 
sapphire substrate 1. A ridge section is formed on the p- • 
type AIGaN clad layer 8 and a p-type GaN cap layer 9 is 4 



formed on the upper surface of the ridge section. On the 3*^, 
planar section of the clad layer 8 and the side faces of 
the ridge section, n-type AIGaN first regrown low- 
temperature buffer layers 10 and n-type AIGaN current- 
blocking layers 1 1 are successively formed and, on the 
upper surfaces of the blocking layers 1 1 and ridge 
section, a p-type AIGaN second regrown low- 
temperature buffer layer 1 2 and a p-type GaN contact 
layer 1 3 are formed. 
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[57] IM 

«£ttS5W«±«ff*»J* AlGaN g*pm.*#& 
W GaN Msn - GaN MM>n - InGaN SUfclfr-lfc^n - 
AlGaN &mkMQW P - AlGaN « 

-AlGaN UlillAm.W^J:^ 
p - GaN ^KMo & P - AlGan «3tMOT&SfcfrJl*I# 
WBItfW&^ift n " AlGaN f¥£-feMBSUI 
n - AlGaN feJfc|H£iM,:fc n - AlGaN feSfc&SM 

±MHm wfr±mmfo p - aigen mr.mL&im&ti' 




1 flWMWfcfoft. JfaBBWSftft 500'C Bl± 700'C BTFGW 

4.Jutt?PJH* 3 B»##to#. ffft^JIftltff* 20A U± 500A BIT. 
6.iroR?IW* 5 W^##7G#. 20A KA± 150A WT« 

9.*PR?PJ?* 8 (&3MH*7t#. Jfft^JSflWff* 20A BLb 150A 



i 



& 500*0 UUl 7001C WT^M^-^T^^P^^MWXi^o 

ft* 

TMJgff 20A £l_h 500A KTWilftB«tJiWl*. 



mmm 20A ia± isoa uTtojmmttmMT&o 
&mm20A &± isoa &Tftm&xftMMxfr. 



• • * a • i 



a w 4* 

5 GaN mim\ ajn cmmx idn cmm\ bn cm 

tin ctMfclB) g^nflm^rA^ m-v (UTF 

M¥mmm*jtwfo GaN m^#^^t7c#^m. 

10 a 8 ft&ftU&ft GaN ^^#^7t^W^C^JffiSo 

tr^fe. * mocvd (wm&m^mtB£-fc) ^s. mbe vH*&*m*k 
mwgi%M s &&amft, 101 w c coooo ®±, 

AlGaN WW AlGaN &fl»JI 102, GaN M 103, n-GaN & 

15 MM 104, n-AlGaN WMM 105, n-GaN ffi |#Jg 106, InGaN i^l^W^M 107, 
p-AlGaN M 108. p-GaN 3fc3l#M 109, p-AlGaN HMM 110 *B p-AlGaN ftffit 
Mlll« 

set, j^A^^M4»je*^m^». &m ribe (%jm&=?n 

m®&) XM'ik p- AlGaN fsJi^M 111 *P p-AlGaN SUM 110 tfm^MM. & 

20 Jit, ifW^. 

^±®^p-AlGaNSMJ1110OTS^±^ft-AlGaN^ia^Mll2 o M 

k, &M l XM&i£FB&&gmM^> mw&mfr±m&} n-AioaN iw 
m in, &j&flH*7Fnais5h «^«i^tt±ai*a. aus. ftfkxmvm® 

25 3rA£&%SA. ^n-AlGaN^Pfl^Mll2^W^SP^±®±^p-GaN 
^S4^113o 

m n-GaN ^MM 104 ift-lfcfr!* .« n-GaN WMM 104 

E^HtBo MR, &ff AM n-GaN &jH4JI 104 tftf^|xi|tt7&& n 50o 
30 jtttfh, # p-GaN 113 WJ^E^U:^^ p 51. ^0, iljl^M^ 
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101 mm^&&m®mm. 
&mkM%^tom*> &s ai & AiGaN m^m»BR^mco my, & 

^n-AlGaN*mP1^112^ibOTPSlJ^^Bt, m^^^M^ 

AiGaN f&mmm m m p-GaN mm m 

»ttn-AlGaN «1 112 ^T^^f'J. -^HMMffltt, <ft 
(it^Ct^lt) *f*». HjHs. & n-AlGaN &ffil&&Jg 112 Al 
&M/&o jifcfrh mjz n-AlGaN fcOT&SM 112 ftjJBUP, n-AlGaN % 

112 flPfe8*fc4NflP* - Al ^UC^MJW^W n-AlGaN % 

E&Tp-GaN&fclUI 113 ftJKJlt&*:, ^£p-GaN&MM 113 tSIJftt 
WTOSP^W^^ p-GaN ftRUg 111 p- 

AiGaN mrnm no «praawHBiwiwa p-GaN tmm n w*®±?i^-fe 

iv-AlGaN %mmm H2, 0rGA|E» n-AlGaN feJD93JS 112 IMsMMfflfc. 

fl&JfcMMM'HW. p<3aNfSJ^Mlllf0n-AlGaN^PI^MH2^ 
ffitMWk. *^lEi**MfcW p-GaN ftffiUi 111 ^ n-AlGaN fefttfflgjg 112 ffj 
^ffi±^^p-GaN^S4MH3, ^W^Ep-CSaN^llM^ &&£JMttfe£. 
(jUJlMfflOT^-feW n-AlGaN &%l££Jg 112 *P p-GaN ^MM 113 + WS* 



mm n-AiGaN *&mmm ii2 ^mm^m^m^it^mt 
fmmm-mE soo-c ixt 7<xrc wrmmmrFtk&Mm. w&ttm& 



itt^h» ±3&mm&}m&m&% 20A uji± 500A knFo mmim^^ 

ill, i^^^m^WTO^±^W^^^#J®^«Pil^M: n 



jfct^h ±3®mmtommMtf8 i * 20A &± isoa bit. 

jtfc^h. ±3zBWSflOT»W3:* 20A BJLt 150A BAT. 



o ^H 1 o.7o iiil^W^^^^^M, WWMd>&^?*M±Tft 

am*. 



jHtfh ^^±^^M^JXi?»m^^/f 20A BA-h 500A BTFWfc 

t&y, j$m^m*mmjj?mmm£jmw- 20A m± isoa viTmm 



itt^K Mtftt^MmftmrnxfrmmBmimm 20A u± isoa utm 

mmmmmmr, %jm$m%ffizh> m^mwmtommwt?-* 
m 2 jm^^m-^mm^im^immm.^m^Mxmi\m 
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So 

m®o 

im^imTmmm®. 

I®® 1 (a) #r^, £ MOCVD (tlflAjSW^^^) ^a^^SM^ 
^iil, MOCVD ft, ^HttEttJS 1 W C (0001) ffiiJWitte^ 
AlGaN fMiW AlGaN 2> GaN 3. n-OaN^MM 

4. n-InGaN ^tf^lhjf 5, n-AlGaN WMM 6. InGaN MQW (^tt 

^W) WIM7. p-AlGaN^JI8> p-GaN OTUl9o 

SSPMHRJIT, AlGaN^M2^Btfi<lM^aS^7 600 e C, MQWW^7 
*B n-InGaN g^BfrltM 5 ^M^MUKA 80O'C<, j!fc*h mkWftti&m 
3. 4> 6> 8. 9 ^-KB««I«l®BjRA 1000'Co jfc*h n gfcSMMffl Si, 

&Bi&m : ®frjG> wmftfoimmmR p-AioaN mmm s awnap 

W&d&ifflBfofa W^^mm MOCVD SKA. (c) 



■fe n W&m n-Alo^Gao^N, 250A ffy n-AlGaN ft-??£«&a^# 

^Wn-AlGaN 11 . iSftflRHTF. n-AlGaN ft-^£-fcflS&^#/I 10 

^W^jaSMSSI 600X:, Wo n-AlGaN feffiffl&Jg 11 flfe-feBtflWWaMt 
jiiiJlOOO^o 

$q±0fi£, ^ffi»*Mfr-JfcW p-AlGaN SUM 8 toTOa^±*nWB*P 

^±ffi&OT8HK»tt n-AlGaN H&fc, Jgft n-AlGaN ft— H^-ffeffiaWK 
ItJS 10, n-AlGaN ft-f9£&1l«jBW@ 10 ±7£/&n-AlGaN 

Mil, n-AlGaN WBil 11 *T p-AlGaN WMM 8 ffiftltt&BJ£iti 

Slfc, n-AlGaN*«^MH WJMMH6*fe>. 
jHtfh ilil n-AlGaN ft— ff^4fe«aa»t»Jg 10, flBHaJW^: o-AlGaN 

«ffiis@js ii. j^flw*«wn. Hotk, RTuiB&it n-AiGaN ^mmm 11 

UmXttm, BPite^^*^#S.Al^^:6<Jn-AlGaN«Pfl^Mll 

get, mocvd straurapm. *hk 2 (d) fm, RIBE 

&&ftMl n-AlGaN ft-fl^-ifeiBaftWtJS 10 *n n-AlGaN fegftffigUl 11 ffJ 
^^±^E^o^#-*,^n-AlGaNft-W^^^Ml0^1n-AlGaN 

te^WMM* n-AlGaN 11 ftfttbtt p-GaN fa]B£M 9 "W* 

Wl, # n-AlGaN ft— fte-iJHBaBflWJS 10 ±Mf£tf) n-AlGaN fefflEISS 

€ ii 4», *n±#n& «^a^±ffiww®a p-MGaN mmm 8 aw&» 

^I*«4tfi«I*ffiW**ffla n-AlGaN ft— H&ifcfKSM&WI 10 tt&ft. @ 

ifch, $n±#ri£, * n-AlGaN &ft|g&@ n W*ffitt»ltt;«rit»T. %is^r 

^|^ttn-AK3aN*aiffle®112ffltb. £fitt05fc&#. 

_hi£MUg, Wtf^iyti&lHl MOCVD ^g^o $Pffl2 (e) 

^Hm^J p-GaN ftl&jg 9 ±. n-AlGaN 11 n-AlGaN E&ft 

fflgjg 11 ±M^Mg W^pM^^p-Alo^^.^iiJSSOA^p-AlGaN 
ftrW£-fccf8S»WI 12. ME., ^p-AlGaNft-H^fta^Ml2±, 
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3151 Mg^p p-GaN mm 13. &#it&T, p-AlGaN 

H&fflfflBWI 12 ^-WW^i^Jgj^'J 600-C , p-GaN &j54M 13 {kV&fflM. 
jgiiiiJlOOO'C 

fcLtflfSk Jlil^ibPJW— W&l n-AlGaN gffilB&JS 11 
$) p-GaN falEfJI 9 ±®ffcZ&S^ p-AlGaN, jf&£ p-AlGaN JHzHtel^ftM 
m*Jgl2. ^ P -AlGaNmilW^feS^ I t , Ml2±^p<3aN^M13 ? p- 
GaN giMM 13 TffW&WL n-AlGaN ggffi&JB 11 ^ p-GaN fflffijg 9 tfjfMfc 
«TOW*T^-fe. E&ifc. P-GaN £Bfekjg 13 MJMm@*fel>. 

jfcfls 9i£ p-AlGaN J^?f£ifc1Kffl«tfS 12» iliiii}jq£-fc p-GaN & 
MIS 13, MS^W. Sjtfc, ^^ihp^aN^MMlS^^^to 

E&ULCTSP, BP^E^^i?^:^ P-GaN mm 13 WWWT. 

g3tf, fc&X)kMOCVnmgM&mh%ii> *PH2 (f) ffiTjk, /^W. p-GaN 
^M^13Sn-GaN^M4^-g{5^E^ 0 & n-GaN g&Wl 4 ft 

M., ^i^l±i^n-GaN^MM4fi«J^E^±^^ii^50, #&£p- 

GaN mm 13 «ffl6£E«jy^rii p *a sic ^s, msmm&sttfa 101 «v 

200o 

200 JAp E&&51 ^iAfi<J^«51 n-AlGaN ffe«& 
&JI 11 Ajlfc, W^«R^TWE««**«We.^-^®. E&Tn-AlGaN 

&vx±n$n, 200 %M&ffl&mtoto r fto mqe 

^^#J&7fc7C#200 4 I , ®&n-AlGaN3$— H^HfefflaaSI^MlO, 
RTB&ik n-AlGaN «ffltl&@Jg 11 ^§8feRM^»SI*ttfl^5ifc^ tfelfc. 
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RTBfrlt p-GaN 13 fi^^^^AttM^. Htt. E^#$tfcft 

±3£WJ*> n-AlGaN »— S^-ffelBaBBB+fi 10 *fl p-AlGaN m~W±& 

immnm 12 ^^misi^ 6oo°c, mammm io> 12 w^-few 

jtfc*K ^J^ti^*. n-AlGaN J&— ?|&*flfl«»Wg 10 ft p-AlGaN Jg 
-^^fBciS^M 12 & A^Ga^N {li&SUg 10. U^MAl ttmtt 
m?±&m U. n-AlGaN X—m&fjg&Utiftm 10 ft p-AlGaN 
mmftm 12 ft Al Al^JSr tfj X 3j (kX<0.7 IOT12II. 

USA. *F Hft ittlfl*. n-AlGaN f^£fHBtt't'J§ 10 fflKJIft 250A, 
p-AlGaN ^-S^ftJgygJ+M 12 A 50A, <B n-AlGaN 

10 in p-AlGaN m=Ln*k\ki%Mmftm 12 SW^IW J*. n-AlGaN 

m—n±&\$MW*m 10 wj^j?^ 2o~5ooa p-aigsn ite-ffett 

$B»WI 12 &}mm%! 20-150A tWEL 

m^M^mm^m 12. &^mT£&&i p-aigon num&fa 
wmm 12 mmEm*p-MG3Nn=:n&¥teMmttm 12 am* 
wii»ij£T. *»Fam^jo wt, p-AiGaN jiz^te-feftaffiwtjs 12 

*n±j?ftfc. * p-AiGaN m-w^fcig^i 12 awM^ai soa 

ttf»2J£T. 5I51BI3t&J&. p-AlGaN B^^-fefBcm^M 12 

Jff-^r^|feigH*aMWJR 10. 12 Mt&J&fmTJMM AlGaNo Jfl— 

fld£=?^4HBflttttJ3 10, 12 fc^M* Ga. Ak Iik B 10 Tl &}M'J>& 

HW. ^Em-fPm^^0«a^M 10. 12 ^ Al fl«Ht«T. i£ B JJ£ 

n±&m*mm 12, <sm-^m^te-^»^?+M kk 12 &Mr a 
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-miwmm*m 10 ^m\m^ zn. zn mss-s^km^ 

w§ 10 witifcis. 

jfc*h 3JI2~9> IK 13 *^Ga> AK *k B i» Tl ttS^*^— flWIL 
ft$f3MW#&J& WBULfcisMrit^. Wf» 4*aWH3aSll E&InGaN 

Jlfcfls 11 te^&^ffcfc&MftZn. Zn ft«3Eig£jg 11 

j9££4@RftfflS 12o &uS\m&i&& Zn ttifii*IBM3S— S 

^■ifeiKfflawjs io. EsttwwrF. ^n^^m^s^:^fft?a^ 

M 12 ^^Wm^W^^^M 12. 

io. 12, is&Rrw^w^^m-w^^^M io mm^n^^mm 

m 4 0p^w^#«bt7n# 201 wTimi& p-AiGaN rsMiit 
jg 12 zjh m^m 3 w*^#ayfc76fr 200 *Mtt&tt. m?^wmzt 
#201 &:raT#»K ^^##«bt7c#2oo ^jfmmmmmmm^i 

2ft. 

Sf+tilR&T. ffitff ffl 2 (d) ffim n-AlGaN H^ftM^M 10 m n- 
AlGaN 11 mt&fc' n-GaN ftlftl 9 ±, n-AlGaN 

Hfe-ffeffiaftKtS 10 *H n-AlGaN Wfl^M 11 MWffi* M*: n-AlGaN f&ffi 
mmmn±M&ft£&P<kiti, 7&&p-GaN&MMl3. 

&&&mftfift2Ql ^^f*#^#200-#, ilil n-AlGaN I? 

±-mmmnm 10, iroitn-AiGaN «ffiB£UB ii +«Rwa4»«MMtw 

^ifc. &ft> £^te$lbfc7G#20l +^TSJSti:^*ffiWI*fft» JSWTofWStt. 

^W#»fc7U#201 *P^#«bfc7G# 200 3P#, 
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mmtfowm^mjmmm p-aigsn m-ft±wmmwm 12. a&, 
ma, &t*t&£ n-AiGaN m-m&MMm&m 10 im wr-^s 3 

uft±Mf&n-AdG3ti &mmm 11 w*h. ^Jffl^^#^7fe7c# 200 w^jst 
iip-MGaN n-m&immtm 12, ^±p^aN»«kMi3W^t6<j^ 

#10 5 (a) flpjc, # MOCVD ^rt$gj£3£&hftB; 21, M MOCVD 
& , GM^fittfe 21 CC0001 )MiJiWil!l£-fc W&ft AlGaN #J/£|ft AlGaN 
^?+^22> ^F^GaNM23> n-GaN 24. n-InGaN W£Pj±m 25, n- 

AlGaN ffiit/1 26. InGaN WfitJMQW W^M27. p-AlGaN m~WMM 28 *B 
n-AlGaN ^Pl^M 29 „ 

&#'!ft#tT, AlGaN mtim 22 ^^^^SjS^ 600'C , MQW ^MM 
27 m n-InGaN mcffilkM 25 £W8W/fia^J 800^0 jfch*K &I&^hft 
#M23s 24, 26. 28. 29 lOOO'C jfc*h 

^^MOCVD^H^^dlllJ^gP, ftffl5 (b) 
^mn-AlC3aN^PI^M29^^E^. £ n-AIGaN 

29 ±MjmWfn$$fr, Pgitfh^ p-AlGaN %~WMM 28 UttJ- 

lEmmi'J^W, n-AIGaN 29 PgfcfrrttfJ p-AlGaN Jg- 

&±m% J &J5> Wfc&&ft%M MOCVD ^Srto £fl®6 (c) #r^, 

# n-AIGaN «PI^M 29 ±*H p- AlGaN 28 ±, 5131 Mg £4£ p 

%m&tf) p-A^G^N, 7&&$IJ? 50A &} p-AlGaN 30» II, 
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&i£p-AlGaN ^Wmm^m 30 ±, Mil Mg J»£-£ p p-AlGaN 
JfOlMM 31 #3 p-GaN 32, iU^MfffiTF. p-AlGaN J5£4£ffiaaKi«WI 

30 ±jm&mmMffik&i m-c , m p-aigsn m=M&m 31 *p p-GaN &fcus 

32 ^&t^M?§jS3iiiI lOOO'C 

*n±J9ri£, ^m^hSP-*^^4P6tl n-AlGaN ^PS^M 29 ±^PJfP 
SP#rtfap-AlGaN3l— WMM2S±m%M&p-AlGat*n±&, Mf&p-AlGaN 

m^immwm 30, p-AiGaN n*kw%M.m>m 30 ±^ p-aighn 

M^MMM 31, p-AlGaN l&Z^MM 31 rTW^^ n-AlGaN ^Pl^M 29 
#1 p-AlGaN m-WMM 28 iftft^Mi^T^-fco @J&, p-AlGaN m=MM. 

1&*K mt p-AlGaN n^^mm^m 30, jIEb&2jn±te p-AlGaN %ZL 
WMM 31 ffl p-GaN gcMM 32, ^WiS^^o RTklKrih p-AlGaN 

n=mmm 3 1 *n p-GaN 32 ^^^t« 
m%u±m u> & p-AiGaN m-^MM 31 **&£mc, *s%mm m 

^^mg'jMOCVD^g^hSP, $nS6 (d)^, Jgtj&M p-GaN 
32 M n-GaN m&B 24 tfj-gftfrlx *. & n-GaN giiiM 24 

M., &gg£iilft n-GaN &f$M 24 ft^E^jy&fc n 50, #R& p- 
GaN 32 ttfimKi&kMtiL p 51 o Wife, Smi^ti 101 jS? 

^■^#»fe7U# 202 ^ p 51 a£A6tJ^«@ii n-AlGaN M 
£UI 29 iilfc, n-AlGaN f&ffifflgjg 29 fitJ3FFP^T6tjE»5^;%m 

$rg„ ^— ^fffi, n-AlGaN 29 tfj Al MBtft MQW 

27 4»» n-AlGaN %^P1^M 29 ^P^TfitlE^^iff^^M 

*agUUifll». *E*£##ifcte^2a2*, n-AlGaN W 

M29 6tuFn^T6<jMQEw^M27 nmmmmmo «b 
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WW, ^mkftjtft 202 tfj n-AlGaN 29 mm&ftfymH 

^E±^^##7fc7C# 202 * , 5131 p-AlGaN ff&fcfl&lffiim 30, rTKF 
Jh p-AlGaN 31 ^^St^^^^tt^m- Sifc, 

<m$k p-AlGaN W£*cf£^WI 30 ^mUSIt 50O~700"Cft?S 
art, S$4^^_h*HB£. 

jHtfh ^^i&BJ*, p-AlGaN ft$&immftm 30 & Al^Ga^N ffift, 

±wmmftm 30 &tiAi mmj&A^G*^ &}x% o<x<o.7 nc^m. 

Mfi. «E±4KttW+,p^VlGaN ff^KKaffWI 30 fidJBtff ^ 50A,p-AlGaN 

n^msmm 30 iftjBtJP3FPB«fc. p-MGaN ?i£-Kfraa8B*jg 30 mm 

ft2<M50A-fepTlU. 

WW, #¥##38&fc7D# 202 tEffik&UNB&l n-AK3aN «fflB£jg 
29 «OTP»$hfc#Jfc p-AlGaN ?f£«fl£»BOT£ 30. &«SMT£-£ 
tfj p-AlGaN ff^filtttl 30 ft jtoS, JTOHfe** p-AlGaN 

30 WIW8«rt»»T. *»WFS«K&. Bft. p-AlGaN 
^30fiWff<|>4»gF. fcLfcJffifc ^p-AlGaN^-fefftM^M30^J^jP^h 
?|J 50A fitJt* RT. iitiffiltft&. ^p-AlGaNf?^0^?tM3O 4>«ffi# 

]fe*h *EJ3&iftw*, p mm^mmnm 30, ^ff^^auR 

^30ifepr^*^C3a, Al> In, B Tl tffS4>2W£— 

jHtfh &J^&M22~29> 3K 32 &&^Ga, Al> In. B *P Tl tfjM^^ 
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29 & InGaN fijattWWT. *Wfttfefc7G#202 

jHtfK feffifflgjg 29 &TO&#fkft&Mft Zn„ Zn M«3EIS&J££- 

mm^i^m, mmEsmm 21 immmm P sh^mmm^d n m&» 

mn. &s 3 ^f^Kj^##«sbfe7c# 200 4». ^afrjwa. &mim*m 
tEn^mm^m 10 ft n-AiGaN im 11 <mam 

®7&£ sio 2 ^^«5, ^a&£&sa. &Bmwmtmm p-aigsn 

M^M 8 AWfi«$U:£-fc n-AlGaN |&— l?£-feM&^#M 10 ft n-AlGaN * 
WI£iJg 1 1 o n-AlGaN *— H^-ffeffiaftWtJg 10 ft n-AlGaN fejUESg 

m ii m, mtwm^^^^mvm^^mm* immmt mm. 

teffli^fltefiSW. #i£frT n-AlGaN ftt-feW5»RM»S 10 ft n-AlGaN 

f&mmm n wjnm ^n-MGaN i« ii ±ft^pgp^smfi«ip- 

GaN «JI 9 _h?£/£ p-AlGaN &-?|&-fclftiB»WI 12 o ft^Ep-AlGaN 
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